The activity concentration of 235 
Introduction
Phosphate rocks constitute the bulk of the raw materials for the manufacture of phosphate fertilizers and some phosphorus based chemicals. It is well known that natural phosphates contain various stable and radioactive elements that could be of environmental concern to the public. Naturally occurring radioactive materials NORM, may contain any of the primordial radio nuclides or radioactive elements as they occur in nature, such as uranium, thorium, their radioactive decay products, and potassium that are distributed in the earth's crust in available amounts (Chang et al ., 2008) . Radiation levels presented by NORM are generally referred to as a component of natural background radiation. Phosphate ores are present normally in the form of calcium phosphates Ca 3 (Po 4 ) 2 (phosphorites) which are very old marine deposits associated with fossils. This form represents 85% of the world wide production. The second type of phosphate material is apatite that is igneous origin (Schmidt., 1993),(EFMA., 1997). Sedimentary phosphate ores tend to have high concentrations of uranium, where as magmatic ores, such as apatite do not. Typical activity concentrations of 238 U are 1500 Bq/kg
The activity concentration of 232 Th and 40 K in sedimentary phosphate rocks are much lower than those of 238 U, and comparable to those normally observed in soil. Hazards could arise from usage of the rock materials in industrial plants especially in the manufacturing of phosphoric acid and fertilizers, due to the release of dust and polluted waters into the environment. The accumulation of these effluents in vitally important media such as water, soil and food are undesirable (Isherwood ., 1992).
Because of the increasing use of phosphate in industry world wide, it is interesting to investigate the potential radioactivity exposure of phosphate ores. In the present work natural radioactivity of Egyptian phosphate ores in Wadi Qena and Abu-Tartor mines, have been investigated.
2.Methods and Materials
Experimental procedure Sampling and sample preparation for gamma spectrometers Nine samples were collected from Wadi Qena from ( West of G.El Missikat-W.El Gedmi ) and nine samples were collected from Abu-Tartor mine. Figures 1 and 2 show the map of Egypt and locations investigated. The samples were then placed for drying at 110 o C for 48 h to ensure that moisture is completely removed. A total of eighteen samples were crushed, homogenized and sieved to 100 mesh by a crushing machine. The mass of the prepared samples was weighted. The samples were collected in self-locking polyethylene bottles of 250 cm 3 volume. The bottles were carefully sealed for more than one month to reach secular equilibrium between 232 Th and 238 U and its short lived daughter products (Mollah et al ., 1986).
Experimental set up
Spectra for different samples were measured with a high-purity germanium (HPGe) detector of high resolution gamma-ray spectrometer. The individual samples were placed on the detector manually and each sample was analyzed for a time of about 70000 sec. Fig. 1 Location map for Abu-Tartor mine. Fig. 2 Location map for Wadi Qena mine The detector has a resolution of 1.85 keV for the 1332.5 keV gamma-ray transition of 60 Co with relative efficiency 30%. To reduce the gamma ray background, a cylindrical lead shield with a fixed bottom and movable cover shield the detector. The lead shield contained two inner concentric cylinders of copper and cadmium. The detection system was calibrated by using standard point sources (  241 Am,  60 Co and   226 Ra). The efficiency curve of the HPGe detector in the energy range from 186 to 2450 keV was obtained through two stages. In the first stage, the relative efficiency curve of the detector was performed using 226 Ra point source.
In the second stage, the average relative curve of the detector was normalized to an absolute efficiency curve using potassium chloride solution having the same nature of the investigated samples (El-Tahawy et al., 1992) . In order to determine the background distribution in the environment around detector, an empty bottle was counted in the same manner and in the same geometry as the samples. The background spectra were used to correct the areas of gamma rays of measured isotopes.
3.Results and discussion of natural radioactivity
Results and discussion of natural radioactivity Calculation of activity concentrations in samples under investigation The radioactivity concentration of the different identified radio nuclides was calculated with the following relation (Tsoulfanidies., 1983) .
A = Net area (Cps) / I γ .ζ. M
where, A is the activity concentration of gamma spectral line in Bq/kg, (Cps) is the net detected counts per second corresponding to the energy, ζ is the detector efficiency of the specific γ-ray energy. M is the mass of sample in kg and I γ is the absolute transition probability of the gamma decay.
The activity concentrations (in Bq/Kg) for several measured radio nuclides of 235 The results show that the activity concentrations of 238 U in Wadi Qena phosphate deposits are higher than that Abu-Tator mine. There are rocks of granite in Wadi Qena area, they considered as a source of uranium which lead to the increase of the concentration of uranium in this region. It is obvious that, the main radioactivity content of phosphate rocks is due to 238 U and its decay products because it is widely believed that the radioactivity associated with phosphate rocks of sedimentary origin is formed by the adsorption and coprecipitation of uranium with calcium. U) for all samples are lower than the Clark's value (3.5) which means that the samples are U-enrichment. respectively.
Radiation level index
The representative level index radiation may be defined as (NEA ., 1979): I γ = C Ra /150 +C Th /100 +C K /1500 It is used to estimate the level of gamma radiation hazard associated with the natural radio nuclides in the samples.
External and internal hazard index
External hazard index H ex measure the radiation exposure due to the radioactivity from the samples under investigation. In order to keep the radiation hazard to be insignificant, the value of this index must be less than unity. The external hazard is given by the following equation (Tufail et al .,1992) 
Calculation of the absorbed dose rate
The absorbed dose rate in air express the received dose in the open air from the radiation emitted from radio nuclides concentration in environmental materials. This factor is important quantity to assess when considering radiation risk to a bio system. The absorbed dose rate D R in air one meter above the ground level owing to the concentration of 238 , 2006) . Finally in order to make a rough estimate for the annual effective dose outdoors, one has to take into account the conversion coefficient from absorbed dose in air to effective dose and the outdoor occupancy factor. In the UNSCEAR [1993, 2000] recent reports, the committee used 0.7 Sv Gy -1 for the conversion coefficient from the absorbed dose in air to effective dose received by the adults and 0.2 for the outdoor occupancy factor. Effective dose rate in units of µSv/year is calculated by the following formula (Michalis et al ., 2003) . Effective dose rate (µSvy -1 ) = Dose rate (nGyh -1 ) x 24h X 365.25dx 0.2 (occupancy factor) x 0.7 Sv Gy -1 (conversion coefficient)x10 -3 Table 7 , 8 tabulate the radiological parameters results which illustrates the radium equivalent in (Bq/kg), representative level index, external hazard, internal hazard, absorbed dose rate (nGy/hr) and in door and out door effective dose rate (μS/y) in Wadi Qena and AbuTartor, respectively. From table (7) we found that the radium equivalent activity vary between (713.89 and 1181.69) Bq/kg which is higher than the recommended value for all samples (370 Bq/kg), a modified quantity of radium equivalent activity is the external and internal hazard indices, these indices must be lower than unity in order to keep the radiation hazard insignificant, the calculated values of the external hazard index vary between (1.93 and 3.19) and the internal hazard index vary between (3.74 and 6.13), the results of external and internal hazard indices are higher than the recommended limit. The values of radiation level index vary between (4.78 and 7.92) which is higher than the recommended value which is unity. The absorbed dose rates due to 238 U, 232 Th and 40 K in phosphate rocks from Wadi Qena vary between (310.76 and 476.67) nGy/h with average (411.46) nGy/h, The workers in Wadi-Qena are being exposed to radiation via two pathways: one is due to the external γ-radiation and the other is due to the inhalation of long-lived α-emitters and Rn-daughters associated with dust particles.
Taking an outdoor occupancy factor of 0.2 and a conversion factor of 0.7 Sv Gy -1 we can estimate the average value of the outdoor effective dose rate from phosphate rocks in Wadi Qena is 504.96μSv/y, This value is about 50.49% of the 1.0 mSv/y recommended by the International Commission on Radiological Protections (ICRP-60., 1990) as the maximum annual dose to members of the public. Taking the indoor occupancy factor of 0.8 and a conversion factor of 0.7 Sv Gy -1 (UNSCEAR., 1988) . to convert the γ-ray absorbed dose to effective equivalent for workers (that is, for a working period of 1820 h in a year), the average value of the in door effective dose rate is 419.36 μSv/y for Wadi Qena which is far below the world allowed dose of 20 mSv/y for workers ( ICRP-60., 1990) . Table 7 : The values of radium equivalent in (Bq/Kg), external hazard index and internal hazard index, radiation level index, absorbed dose rate in (nGy/h), in door effective dose rate in (μSv/yr) and out door effective dose rat in (μSv/yr) in Wadi-Qena samples. .
From table (8) we found that the radium equivalent activity varies between (467.89 and 596.64) Bq/kg which is higher than the recommended value for all samples (370 Bq/kg), a modified quantity of radium equivalent activity is the external and internal hazard indices, these indices must be lower than unity in order to keep the radiation hazard insignificant, the calculated values of the external hazard vary between (1.26 and 1.61) and the internal hazard indices vary between (2.26 and 3.06), the results of external and internal hazard indices are higher than the recommended limit. The values of the radiation level index vary between (3.16 and 4.01) which is higher than the recommended value which is unity. Figure (4 Commission on Radiological Protection as the maximum annual dose to members of the public. Taking the indoor occupancy factor of 0.8 and a conversion factor of 0.7 Sv Gy -1 to convert the γ-ray absorbed dose to effective equivalent for workers (that is, for a working period of 1820 h in a year), the average value of the indoor effective dose rate is 221.33 μSv/y for Abu-Tartor mine which is far below the world allowed dose of 20 mSv/y for workers. From the calculated values it can be seen that the phosphate samples have level index above the proposed acceptable level in areas under study. The total absorbed doses (nGy/hr) are very high due to the higher radium contents in phosphate, which consequently leads to an increase in the radium equivalent activity of phosphate fertilizers. The acceptability of risks from ionizing radiation is decreasing this tendency leads to more regulation.
For comparison purposes, the activity concentration of 226 Ra, 238 U, 232 Th and 40 K in phosphate rocks from different countries are given in Table 9 . The increase of the natural uranium concentration can be attributed to leaching effects. Actual radionuclide concentrations will vary in location because of varying geological characteristics of phosphate ores in different regions as well as variation in processes used for phosphate mining and production. Also, we can conclude that the radiation dose to member of the public resulting from the use of Abu-Tartor phosphate rocks and Wadi Qena were negligible compared to the average annual effective dose from natural sources (1 mSv/y) even where assuming the complete accumulation of radio nuclides in soil over many years. Ventilation of the industrial area so as to avoid radon accumulation should be carefully considered. contribution of radioactivity to agriculture lands due to the application of phosphate fertilizers is the second concern for radiation protection point of view. However this contribution is not easily quantified, since the quantity of radioactivity spread along with fertilizers in the agriculture fields depends upon the quantity of fertilizers used, the type of crop and area of its cultivation. From the present results, it seems that Abu-Tartor phosphate rocks have lowest activity levels than Wadi Qena, where the presence of Granite rocks in Wadi Qena leads to the contribution of uranium.
